
authorization is hereby given to charge any such deficiency or 
additional fee to our Deposit Account No, 01-0268. 

REMARKS 

In the last Office Action, dated February 20, 2001, 
claims 1, 3, 8 and 9 were rejected under 35 U.S.C. §102 (a) as 
being clearly anticipated by Takagi ( f 360). Claim 2 was 
rejected under 35 U.S.C. §102 (a) as being anticipated by each 
of Katsuma, Hirano and Mukohjima. Claims 4-6 were rejected 
under 35 U.S.C. §103 (a) as being unpatentable over Takagi 
('360). The Examiner stated that Takagi teaches the claimed 
ultrasonic motor structure except that the support 3 0 is not 
disclosed as being an integral part of the substrate 50. The 
Examiner took the position that it is within the skill 
expected of the routineer to make parts integral or separable. 

Claim 7 was rejected under 35 U.S.C. §103 (a) as 
being unpatentable over Miyazawa, Katsuma or Hirano in view of 
Wada, Kumasaka ('179) or Kumasaka ( ! 909). The Examiner stated 
that each of the references to Miyazawa, Katsuma and Hirano 
discloses an ultrasonic motor mounted on a printed circuit 
board but does not explicitly teach that drive circuit 
elements are also provided on the board. The Examiner pointed 
out, however, that Wada and Kumasaka teach that it is well 
known to place the drive circuit for a piezoelectric device on 
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the same circuit board that supports the device to save space 
and make solid state manufacturing and connections more easy. 
In view of this disclosure, the Examiner has taken the 
position that it would have been obvious to one of ordinary 
skill in the art that the printed circuit boards of Miyazawa, 
Katsuma or Hirano could be expanded to include drive circuit 
elements. 

In addition to the foregoing rejections, claims 
10-13 and 17-21 were rejected under 35 U.S.C. §102 as being 
unpatentable over Toda, Vishnevsky ('580), Kumada or 
Vishnevsky ( f 073); claims 14 and 15 were rejected under 35 
U.S.C. §103 as being unpatentable over Vishnevsky ('073) or 
Toda; and claim 16 was rejected under 35 U.S.C. §103 as being 
unpatentable over Vishnevsky ('07 3) or Toda in view of Wada, 
Kumasaka ('179) or Kumasaka ('909). The Examiner stated that 
Vishnersky ( ! 073) and Toda teach the vibration motor but not 
mounted on a PCB which, for the same reasons given in regard 
to claim 7, would have been obvious to provide in Vishnersky 
or Toda with a PCB substrate. 

By the present response, independent claims 1, 10 
and 20 have been amended to more particularly point out and 
distinctly claim the novel subject matter of the present 
invention. Amended claims 1 and 2 0 further recite that the 
substrate has a conductor pattern for conveying a drive signal 
from a drive circuit, and that the support member mechanically 



-8- 




supports the piezoelectric element on the substrate and 
transmits the drive signal from the conductor pattern formed 
on the substrate to the piezoelectric element. Amended 
independent claim 10 now recites that the structure of the 
piezoelectric vibrator, i.e., that the vibrator is a laminated 
structure formed of one or more piezoelectric elements 
polarized to undergo expansion-and-contraction vibration in 
response to the drive signal and one or more piezoelectric 
elements polarized to undergo flexural vibration in response 
to the drive signal, and further recites that the 
piezoelectric vibrator is disposed so that a side face thereof 
is in contact with the movable member and undergoes elliptical 
movement in response to the drive signal to drive the movable 
member . 

Submitted herewith is an attachment captioned 
"Version With Markings to Show Changes Made" including marked- 
up versions of claims 1, 10 and 2 0 showing the changes made 
thereto by the present response. In response to the 
Examiner's request for a substitute specification, applicants 
have also submitted herewith a substitute specification 
consisting of the original specification re-typed in smooth 
form to incorporate revisions made thereto during prosecution. 
Also enclosed is a marked-up scanned version of the original 
specification showing the changes made thereto. Applicants 1 





undersigned attorney hereby states that the substitute 
specification does not contain impermissible new matter. 

To obtain a fuller scope of coverage, new claims 
22-32 have been added. Adequate support for the subject 
matter recited in these claims may be found in the 
specification as originally filed. 

Applicants respectfully submit that claims 1-21 and 
newly added claims 22-32 patentably distinguish over the prior 
art of record. 

As described by applicants at pages 1-2 of the 
specification, the conventional piezoelectric ultrasonic motor 
utilizes conductive wires as signal transmitting means for 
conveying a drive signal produced by a drive circuit to the 
piezoelectric element. Typically, an elastic member such as a 
spring is used to bias the piezoelectric element against a 
movable member to efficiently transmit drive power produced by 
vibration of the piezoelectric element to the movable member 
so as to drive the moving member. When such an ultrasonic 
motor is mounted on a circuit board, it is held to the board 
by a support member that holds the piezoelectric element in 
place. 

In the conventional ultrasonic motor it is necessary 
to include conductive wires as signal transmission means, 
support means for holding the piezoelectric element in place 
with respect to the movable member, and an elastic member for 






maintaining a biasing force between the piezoelectric element 
and the movable member. This structure is needed to support 
and hold the piezoelectric element in a given position with 
respect to the movable member and to transfer a drive signal 
to the piezoelectric element. The use of separate components 
to accomplish these tasks leads to an increase in the size of 
the ultrasonic motor. In addition, since loss in the 
expansion-and-contraction movement of the piezoelectric 
element occurs through both the support member and the 
conductive wires, the use of separate components results in an 
increased loss . 



problems by providing an ultrasonic motor with a support 
member capable of serving two or more of the aforementioned 
functions. According to the present invention, the support 
member not only supports the piezoelectric element on a 
substrate, but also has the ability to transmit a drive signal 
to the piezoelectric element so that no conductor wires are 
needed. The support member thus transmits the drive signal to 
the piezoelectric element. In addition, the support member 
can be formed of a resilient material or a flexible portion so 
that it resiliently urges the piezoelectric element against 
the movable member, thereby eliminating the need for a 
separate elastic member for biasing the piezoelectric element 
and movable member. Accordingly, the present invention makes 



The present invention overcomes the foregoing 
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it possible to substantially reduce the size of the ultrasonic 
motor and reduces the loss associated with the use of multiple 
components as described above. 

An embodiment of the inventive ultrasonic motor is 
shown in Fig. 1 of the application drawings. The motor 
includes a rectangular piezoelectric element 10 that receives 
a drive signal X to undergo elliptical vibration. Support 
members 11, 11 hold the piezoelectric element 10 on a 
substrate 7 and deliver signals through signal lines 7a, 7b 
printed on the substrate 7. A symmetry member 12 has a 
movable member 12a in contact with an end of the piezoelectric 
element 10. A drive circuit IC 6 is provided on the substrate 
7 to supply the drive signal X to the piezoelectric element 10 
through the signal lines 7a, 7b and conductors formed on the 
support members 11, 11. 

In operation, the ultrasonic motor 1 operates by 
elliptic vibration of the end face of the piezoelectric 
element 10 produced in response to the drive signal X to move 
the movable member 12a in a direction parallel to the end 
face. 

The support members 11, 11 may be formed of a resin 
material in an L-shaped form and each may be provided with 
three signal lines formed on a surface thereof. The support 
members 11, 11 have six signal lines and six corresponding 






electrodes are formed on side faces of the piezoelectric 
element 10. 



to the signal line 7a of the substrate 7, such as by solder, 
and the other side lib fixed to a side of the piezoelectric 
element 10 by means of a conductive adhesive or the like. The 
support members 11, 11 thus hold the piezoelectric element 10 
to the substrate 7 and connect between electrodes of the 
piezoelectric element 7 and the signal lines 7a or 7b. The 
support members 11, 11 thus serve to support the piezoelectric 
element and further serve as signal transmission means for 
transmitting the drive signal X to the piezoelectric element 
10. As a result, the number of components of the ultrasonic 
motor is reduced, and the size and loss factor of the motor 
are also reduced. 



piezoelectric vibrator 14 serving as a flex vibration source 
and a second piezoelectric vibrator 15 laminated thereon and 
serving as an expansion-and-contraction vibration source. The 
piezoelectric element 10 has electrodes 13a-13f respectively 
connected to the six electrodes on the substrate 7 and the 
support members 11, 11 to cause the respective vibrators 14, 
15 to undergo vibration. This combination of vibration 
sources produces the elliptical motion of the piezoelectric 
element 10. 



The support members 11, 11 have one side 11a fixed 



The piezoelectric element 10 has a first 
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The cited references fail to disclose the subject 
matter recited by amended independent claims 1, 10 and 20, or 
much of the subject matter recited in various ones of the 
dependent claims. 

Amened claims 1, 10 and 20 each recite subject 
matter that is not disclosed in the cited references. As 
pointed out above, amended claims 1 and 20 recite that the 
substrate has a conductor pattern for conveying a drive signal 
from a drive circuit, and that the support member mechanically 
supports the piezoelectric element on the substrate and 
transmits the drive signal from the conductor pattern formed 
on the substrate to the piezoelectric element. 

Amended independent claim 10 recites that the 
piezoelectric vibrator is a laminated structure formed of one 
or more piezoelectric elements polarized to undergo expansion- 
and-contraction vibration in response to the drive signal and 
one or more piezoelectric elements polarized to undergo 
flexural vibration in response to the drive signal, and 
further recites that the piezoelectric vibrator is disposed so 
that a side face thereof is in contact with the movable member 
and undergoes elliptical movement in response to the drive 
signal to drive the movable member. 

Claims 1, 3,8 and 9 are not anticipated by Takagi 
'360 since the cited reference to Takagi '360 requires the use 
of conductive wires in addition to a support member extending 






from a substrate to support a piezoelectric element and 
transmit a drive signal to the piezoelectric element. Amended 
independent claim 1 explicitly recites that conductive wires 
are not used for this purpose and that the support member 
transmits the drive signal. 

Similarly, none of the cited references to Kutsuma, 
Hirano, Mukohjima, Miyazawa, Katsuma, Hirano, Wada, Kumasakat 
(•179), Kumasaka ('909), Toda, Vishnevsky ('580), Kumada, or 
Vishnevsky ('073) discloses or suggests an ultrasonic motor 
which eliminates the need for the use of conductive wires 
extending from a drive circuit to a piezoelectric element. 
Nor do these references, alone or in combination, disclose or 
suggest the structure of the piezoelectric element recited in 
amended independent claim 10. 

With respect to the Examiner's conclusion that it is 
within the level of routine skill to make parts integral or 
separable, applicants respectfully point out that the claims 
do not recite structure that is the mere integration of 
separate parts. Amended claims 1 and 20 require a substrate 
having a conductor pattern for conveying a drive signal from a 
drive circuit, a piezoelectric vibrator provided on the 
substrate, and a support member for supporting the 
piezoelectric vibrator and transmitting the drive signal to 
the piezoelectric vibrator. Nothing in the cited references 
would have suggested this combination of elements. 
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Anticipation under 35 U.S.C. §102 requires the 
identical disclosure by a single prior art reference of all 
elements of a rejected claim arranged exactly as recited in 
the claim. W.L. Gore & Associates v. Garlock, Inc. , 220 USPQ 
303, 313 (Fed. Cir. 1983), cert, denied , 469 U.S. 851 (1984) 
("Anticipation requires the disclosure in a single prior art 
reference of each element of the claim under consideration"); 
Lindemann Maschinenf abrik GmbH v. American Hoist & Derrick 
Co. , 221 USPQ 481, 485 (Fed. Cir. 1984) ("Anticipation 
requires the presence in a single prior art reference 
disclosure of each and every element of the claimed invention, 
arranged as in the claim ") (emphasis added) . 

Since Takagi (360) , Kutsuma, Hirano and Mukohhima 
fail to identically disclose the subject matter recited in 
amended independent claim 1, the anticipatory rejection of 
claims 1, 3-6, 8 and 9 should not be maintained. 

An obviousness rejection requires a showing that 
each and every limitation in a rejected claim would have been 
obvious, and must be based on a showing in the prior art of 
some teaching, reason, suggestion, or motivation to make a 
modification which renders an invention obvious within the 
meaning of 35 U.S.C §103. See , e.g. , Symbol Technologies, 
Inc. v. Opt icon. Inc. , 935 F.2d 982, 989, 18 USPQ2d 1885 (Fed. 
Cir. 1991) . The cited references fail to identically disclose 
the subject matter of claims 1, 10 and 20, and fail to support 
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the conclusion that the modifications needed to replicate the 
combinations recited in claims 1, 10 and 20 would have been 
obvious. As described above, the ultrasonic motor of claims 1 
and 20 is provided with a support member that transmits a 
drive signal to the piezoelectric element and no conductive 
wires are used . The inventive ultrasonic motor of these 
claims has an improved driving force, a reduced vibrational 
loss and smaller dimensions as compared with conventional 
ultrasonic motors. In the Fig. 1 embodiment, the 
piezoelectric vibrator 10 generates a rotational driving force 
in response to a received drive signal. A drive signal for 
driving the piezoelectric element 10 is transmitted along 
leads 7 to a support member 11. The support member 11 
supports, and is in electrical connection with, the 
piezoelectric vibrator 10 on the substrate 8. Thus, the 
support member is effective for both supporting the 
piezoelectric member 10 and for transmitting the drive signal 
from a conductor pattern formed on the substrate to the 
piezoelectric vibrator 10. The movable member 12 contacts the 
piezoelectric vibrator 10 and moves in response to the 
vibrational driving force. There is simply no teaching or 
motivation in the references for making any of the 
modifications necessary to achieve the claimed combinations. 
Thus, there is no support for a continued obviousness 
rejection of the claims. 
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Moreover, various dependent claims define separately 
patentable subject matter. In one embodiment of the inventive 
ultrasonic motor, the support member is comprised of an 
elastic material effective to elastically urge the 
piezoelectric vibrator against the movable member. Nothing 
similar is found in the cited references. The support member 
may include a relatively thinner constriction portion and a 
relatively thicker connection portion, the constriction 
portion being effective for decreasing vibration losses. This 
is effective to provide the resilient biasing force. 

The support member may also be incorporated as part 
of the substrate, wherein the substrate has a recess portion 
in which the piezoelectric vibrator is disposed to reduce the 
overall thickness of the motor. No corresponding structure is 
found in the cited references. Also, the support member may 
be configured for supporting the piezoelectric vibrator at a 
flex vibration node of the piezoelectric vibrator to reduce 
vibrational loss. 

Thus, in accordance with the present invention an 
improved ultrasonic motor is provided having reduced 
vibrational loss, smaller dimensions and improved driving 
force as compared with the conventional art. The inventive 
ultrasonic motor may be incorporated in an electronic 
appliance, such as (but not limited to) an electronic 



timepiece, a measuring instrument, a camera, a printer, a 

printing machine, a machine tool, a robot, a moving apparatus 

and a memory device. 

In view of the foregoing amendments and discussion, 

the application is now believed to be in condition for 

allowance. Accordingly, favorable reconsideration and 

allowance of the claims are most respectfully requested. 

Respectfully submitted, 

ADAMS & WILKS 

Attorneys for Applicants 
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IN THE CLAIMS; 



VERSION WITH MARKINGS TO SHOW CHANGES MAPS 



Claims 1, 10 and 20 have been amended as f allows: ^ 

o 
o 

s 

1. (Twice Amended) An ultrasonic motor, comprising: 




a movable member disposed to undergo movement in response to a 
drive force; a substrate having a conductor pattern for 
conveying a drive signal from a drive circuit; a piezoelectric 
vibrator provided on the substrate for undergoing oscillating 
movement in response to the [an input] drive signal so as to 
contact the movable member and generate the [for generating a] 
drive force to drive the movable member ; and a support member 
provided on the substrate for mechanically supporting the 
piezoelectric vibrator on the [a] substrate and transmitting 
the drive signal from the conductor pattern [ , the support 
member having a signal transmission function to transmit the 
drive signal] to electrodes of the piezoelectric vibrator so 
that no conductor wires extend from the substrate to connect 
the drive circuit and the piezoelectric vibrator . 



substrate; a piezoelectric vibrator disposed on the substrate 
to undergo vibration in response to a drive signal; a support 
member for supporting the piezoelectric vibrator on the 




10. (Amended) An ultrasonic motor, comprising: a 




substrate, the support member being effective to transmit the 
drive signal to the piezoelectric vibrator; and a movable 
member disposed on the substrate adjacent [in contact with] 
the piezoelectric vibrator and driven in response to vibration 
of the piezoelectric vibrator ; wherein the piezoelectric 
vibrator comprises one or more piezoelectric elements 
polarized to undergo expansion-and-contraction vibration in 
response to the drive signal laminated to one or more 
piezoelectric elements polarized to undergo flexural vibration 
in response to the drive signal, and the piezoelectric 
vibrator is disposed so that a side face thereof is in contact 
with the movable member and undergoes elliptical movement in 
response to the drive signal to drive the movable member . 

20. (Amended) An electronic appliance incorporating 
an ultrasonic motor, comprising: an ultrasonic motor 
comprising a movable member disposed tor undergo movement in 
response to a drive force, a substrate having a conductor 
pattern for conveying a drive signal from a drive circuit , a 
piezoelectric vibrator disposed on the substrate to undergo 
vibration in response to the [a] drive signal so as to contact 
the movable memver and generate the drive force to drive the 
movable member , a support member provided on the substrate for 
mechanically supporting the piezoelectric vibrator on the 
substrate and transmitting the drive signal from the conductor 





pattern [ , the support member being effective to transmit the 
drive signal] to electrodes of the piezoelectric vibrator so 
that no conductor wires extend from the substrate to connect 
the drive circuit and the piezoelectric vibrator; [ , and a 
movable member disposed on the substrate in contact with the 
piezoelectric vibrator and driven to undergo movement in 
response to vibration of the piezoelectric vibrator;] an 
output mechanism for outputting a motion; and a transmission 
mechanism for transmitting movement of the movable member to 
the output mechanism. 





» ULTRASONIC MOTOR AND ELECTRONIC APPLIANCE 

WITH ULTRASONIC MOTOR 



2> 



5 



p ftrTCttPDTTNp THF. INVENTION £ 

5' 1 F^id +h~ Tnvftntion ^pgrW* % rn 

V f^his]/i^^ f Crelates](to ultrasonic motors used »r ^ ^2 

Jant ^ 



* timeoieces, cameras, printers, memory devices and so ° n f* n <k 
timepieces, came ' ^ve/r^A pi^--* % 

/ m or^^rticularly,fto ^ultrasonic motor£which isfreduced ^ 

//lore* 

l vibration^eai^to4f f iciently transmit a drive force to a moving 
-I member^but maS^slall in size with improved reliability^] 
Iq ? , nPsn r jpHnn of the Related Art 
l ( ^Th^ulSat^i^motor utilizes, as power to move a moving 

It member, elliptic vibration that is a resultant vibration of 
tS expansion-and-contraction vibration and flex vibration caused 
,*on a piezoelectric element applied by a drive signal ^ 
/^an alternating current voltage. Recently, <attentions|have3 
/( jfiein^dSSn to\the> ltrasonic motors particularly in the field 
of micro-mechanics, because of their high electric-to- 
mechanical energy conversion efficiency. 
>1 ^^Ss^nic motor generally has a piezoelectric 

element as a drive power source, a signal transmission means 
for transmitting drive signals to the piezoelectric element, 
and an elastic member for pressure-contacting Jhe 
piezoelectric element with the moving member to efficiently 
transmit drive power to the moving member. 
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Where such a ultrasonic motor is installed on a circuit 
Z board such as a printed circuit board, it is held on the circuit 
S board byjusingja support member [to hold one part of a vibrator^ 
U fhaving ^.piezoelectric element {fo^. the ultrasonic motor. 
C However^ fthe^e has been a necessity? for the conventional 

ultrasonic motor to provide the piezoelectric element with a 
7 signal transmission part, such as conductor wires, to apply,/*- 
% drive signal to the piezoelectric element. [That isj It here] , . 
1 ^encounteredjJjLeakageJv^of^ the expansibn-and-contraction 
/O "vibration and flex vibration [caused on the piezoelectric 
1 ( element to an outsidelthrough both the support member and the 
/l signal transmission part. ^he^leakage^jrf fexpansxon-and- 
' 3 contraction vibration and flex vibration Wai\ also ^through the 
'V elastic member ^to the outside^. 

' As a result, ^he^Snventional ultrasonic motor^could} not 

76 efficiently transmit drive force to the moving member , ^and^ 

[-impaired in ultrasonic motor characteristic of high} \*lpUfl|lj ]\ 
'o electric-to-mechanical energy conversion Jeff icacyj 
,C / Meanwhile], mounting a plurality of elements on the 

Z 0 piezoelectric elementjjr evented againsjsize reduction for the 
2\ ultrasonic motor and, [hence increased factors to lower its^ 
27 reliability^,,/ W*-*cS ^ 

* Accordingly, it is an object of the present invention to 
2-^ provide(a>l?rasonic motor^hich is decreased in factors to leak] 
? 5 drive force produced on a piezoelectric elementfandjef f iciently \ 0 £ 
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transmit the drive force to a moving member ^wherein size 
reduction and improvement in reliability are achieved. 

pTIMMAWV O F THK TNVKNTION 

j^That is, the means to solve the problem i» ^"act^ized^ 

by alultrasonic motor* as claimed, comprises :} a piezoelectric 

vibrator for oscillating £dul ^^i^-e signal.^* 

generating a drive forcej" and g support member^ ^/^^^ ff*^ 

the Pi^l e <^ ic vibratA on a substrat# wherein* th| support 

member(has 0 a signal transmission function to tranSmi ^ r ^^ 

signal to the piezoelectric vibrator. 

l"Here the]2up^ort member is formed, for example, of a resin 
, J r &» *A 

having or/a) surf ace a signal line or/of a metatfto have a signal 

transmission function. 

Meanwhile, th^piezoelectric vibrator is formed, for^ 
example, only by a piezoelectric element. Alternatively ,fa VlW*^ 
metal vibrator bonded to a piezoelectric element£may be applied &*w±L 
theret^. The drive control may be either of a self-oscillation 
type or a separately-oscillation type. 

According to this invention, because the drive signal is 
transmitted through the support member to the piezoelectric 
vibrator, there is no need to separately providing a signal 
transmission part. 

loss op 

Accordingly /the expansion-and-contraction vibration and 
flex vibration caused on the piezoelectric vibrator is reduced 
^In leak amount to an outsiders compared to the conventional. ^fcr 
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Therefore, the ultrasonic motor according to the invention 
£ efficiently transmi^a drive force caused on the piezoelectric 

vibrator to the moving member. . i*va?4^a H*W* y% ^° n< tf 

y Also, (the* /unnecessity ofjseparately proving a signal 

£ transmission part {offers] size Reduction for)/the ultrasonic 

r motor and/henc^cr^afe i£khe number of manufacture processes 

7 resulting in reduction in, v manuf acture Eostl. *s\ t s>\'t>r 
^ XNext, the present invention is characterized in that, in 

*> the aforesaid^ ultrasonic motor, the support member Qi as 

'° elasticity?] v and the piezoelectric vibrator /bein^press- 

ff contacted wittTa) moving member by fan) elastic force of the 

support member. . 
'3 The (method to provide th^/support member(with elasticity 

M includes using as 3 material", for example, a conductive rubber 

• VI* comprise «L *t 1 ««int 

or the like. 

^ ^"According to this invention, a function is available 

17 equivalent to that of the above invention .J In addition, the 

'f piezoelectric vibrator is ur g e ^ on ^| a ^° r v j ng member by the 

elasticity of the support member. Accordingly, the drive force 
caused on the piezoelectric vibrator is transmitted to the 
moving member with higher efficiency. jf^* 

T^Next, the present invention is characterized in thatJJ i.n A <*£tcfX*c*~ 
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— t^.Kithe Taforesaidl ultrasonic motor, the support member has a 
2 V constriction^that is^nade thin] than a/portion connected to the 



piezoelectric vibrator. 
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I recording to this invention, the provision of\(the 

constriction^LnJ the support member reduces the vibration 
4 transmission area ^^(thf support member so Cihat the 
f constriction reduces the leakj/of vibration [f urthermorj. 
Consequently, the ultrasonic motor transmits a drive force to 
the moving member with higher efficiency. Furthermore , the 
7 support member deforms due to the constriction££and has an 
S operation equivalent to that of the above inventioi^ 

Furthermore , 3 the present invention As characterized in 
/D that, in the aforesaid ultrasonic motorjthe support member is 

a part of the substrate. . 
it ^Acceding to this in vent ionjf because the support member is^»«- 

•fS ^onejpart of the substrate, the ultrasonic motor is easy to mount 

on the substrate. v > . 

/£ Furthermore, ^he present invention's characterized in 

that, in the aforesaid ultrasonic motorj the piezoelectric 
vibrator is provided in a recess formed in the substrate. 
^ 'QHer^, the piezoelectric vibrator is mounted such that the 

surface of the substrate and the surface of the piezoelectric 
vibrator are positioned in a same plane, through the support 
2/ member^S^ne)£art of the substrate^hich has been left without 
"2* made in recess when forming a recess in the substratj. 

[According to this invention, a similar operation is 
^ available to that of the above invention J In addition, [there 
t> is decrease inl.thickness of the. ultrasonic motor (plus thej 



/ £substrate7' Accordingly the application of the ultrasonic motor 
^ is broadened as compared to the conventional ultrasonic motor .J 
Furthermore, the present invention is characterized in 
that, in the aforesaid ultrasonic motor, the piezoelectric 
vibrator is mounted on the support member. 
£ According to this ^invention ,^a similar operation ib 

-7 available to that of the above invention. In additionTJbecause 
the piezoelectric vibrator is mounted on the support member, 
the piezoelectric vibrator can be mounted on a substrate in a 

✓ G similar (procedure toj conventional mounting of transistors or 

V capacitors on a substrate. That is, -^u^asoni^c motor 
of the present invention, it is possible to simultaneously 
mount a motor and circuits on a substrate by using an existing 
electric circuit production line. Accordingly, the ultrasonic 

& motor is deduced in mounting cost and stabilized in mounting 
process?. Consequenty, the^ ultrasonic motor [Is reduced xn 
variation °^erf ormance^J^^^ 
' * Further,£the present invention \^T'^ f^t 

'f in the aforesaid ultrasonic motor J the support member is in*#>P<* 

provided with at least one part of a drive circuit. 
2) According to this^ invention , because the support member^ ^ 

22- is provided with at least part of a drive circuit, thefdrive 

circuit elements required to be mounted on a substrate are 

decreased, thereby reducing the size of the ultrasonic motor. 

Also, there is reduction of variation in ultrasonic motor 
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/ performance resulting from /connection between the 
piezoelectric vibrator and the drive circuit. Further, circuit 
parts can be mounted and adjusted so as to adjust the variation 
in the motor and circuits, thus improving the reliability. 
-T Further.Q*. preset inv«tion^.^ri..d i ln fi^'p***^ 

& in the aforesaid ultrasonic motorTjthe support member supports ^ + * 
the piezoelectric vibrator at a point corresponding to a node 
of vibration caused thereon. 

Here, the vibration includes, for example, flex vibration 
and expansion-and-contraction vibration. 
If According to thi subinvention, the support member holds the 

piezoelectric vibrator at a point corresponding to a node of 
flex vibration. Because there is no displacement in the node 
'«/ of vibration, there is f urtherjScrease Jin externally leaking^ 

amount of vibration^aXed on the piezoelectric vibrator. 
Consequently, the ultrasonic motor can transmit a drive force 
caused on the piezoelectric vibrator to the moving member with 
higher efficiency. 

11 Furthermore, Tthe present invention is char acterized in ^. 

that, in the aforesaid ultrasonic motor ,Jf:he ultrasonic motor , *^thw 
is an electronic appliance having the aforesaid ultrasonic 

2& According to this/ invention, because the aforesaid 

2i ultrasonic motor is used in which less vibration jleaks to an J ^ ( ' 
^Y^tside as compared to the conventional ultrasonic motor, the 
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ultrasonic motor [Is increased" in)output . That is, because the 
ultrasonic motor and its drive circuit are reduced in size, the 
electronic appliance with ultrasonic motor is decreased in 
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p FTT: ; F nK.qPKTP TT^N n F TP* nRAWINGS 
Fig. 1 is a view showing a structure of Jajfiltrasonic motor 
disaccording to a first embodiment of the present invention; 

Fig. 2 is a view showing a structure of a piezoelectric 
vibrator^and piezoelectric vibrator^with electrodes &3a 
to 13flused in a piezoelectric elemental (TJ for the ultrasonic 
motorj^lj; 

Fig 3 is a schematic view showings operation of the 

ultrasonic motor^lj; 

Fig. 4 is a view showing structural)^ sent ial elements of 
ultrasonic motor 2~as\a modification to the. ultrasonic motor 

Fig. 5 is a view showing a structure of^ajultrasonic motor 
^according to a second embodiment of the present invention; 

Fig. 6 is a view showing structural/essential elements of 
£a ultrasonic motor 4 as] a modification to the ultrasonic motor 

Fig. 7 is a view showing a structure of an electronic 
app^ncefwithy^Tltrasonic motor Qs/ according to a third 
embodiment of the present invention; 

Pfl TftjT/En nF.HC PTPTTDN OF THF, INVENTION 
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Embodiments (will be explained in detail£o which the 
invention is applied^ with reference to Fig. 1 to Fig. 7. 

Fig. 1 to Fig. 3 are figures for explaining^ ultrasonic 
motor 1 as a first embodiment of the invention, while ^S^fl^^j 
is a figure showing a structure of a ultrasonic motor 2/as a 
modification of the ultrasonic motor 1. ^c^e^itl fiywbodjUVfc*-^ 

^Meanwhile^Fig. 5 is a figure for explaining a'ultrasonic 
motor| 3 fas a second embodiment of the invention], while Fig. 6 {^fc^h\M 
is a figure for explaining ^fultrasonic motor 4 as a^ , 
modification of the ultrasonic motor 3. I 

J^MeanwhileTjFig. 7 is a figure for explaining an electronic 
appliance 5 with a ultrasonic motor as a third embodiment of 
the invention. 
Q [EMBODIMENTS] 

[First Embodiment f^J 

Fig. 1 is a view showing [an) overall structure of 

ultrasonic motor 1 . 

As shown in Fig. 1 the ultrasonic motor 1 f±s structured J 
rb$Cpiezte\ectric element 10 (piezoelectric vibrator) that^s 
inputted by[£ivJ signal X, such as£ ^^^T ^ 
vibrate, support members 11/, llJtha£-| hold the piezoelectric 
elements 10 on a substrate 7 and deliver signals through signal 
lines 7a, 7b on the substrate j£ ^/symmetry member 12^having\ 
a moving member 12a contacted with an end face of the 
piezoelectric element 10* and al.drive IC 6 provided on the 

4 Jl A U 



substrate 7 to input drive signal X to the piezoelectric element 
10 through the signal lines 7a, 7b and the support members 11, 
11. incidentally, the drive IC 6 outputs drive signal X to a 
'predetermined portion of an electrode of the piezoelectric 
element 10 , (hereinafter referred toTl according to a forward 
drive command, backward drive command and stop commandite be*^ 
externally inputted through signal lines 7c, 7d and 7e. 

f-That isl the ultrasonic motor l(is a ultrasonic motor which] 
causes elliptic vibration at the piezoelectric member 10 end 
face according to drive signal X given from the drive IC 6 
thereby moving the moving member 12a in directions parallel to 
the end face. 

Jj-irst, the su PP° rt members 11 are ex P lained in detail 3 
The support members 11 are formed of a resin, for example, 
generally in a L-form and each having, for example, three signal 
lines on a surface. That is, the support members ll 7 , ll have, 
for example ,^totally]6 signal lines which^umberjis^samj as the 
number of electrodes provided on the side faces of the 
piezoelectric element 10. ^ 

The support member 11 has one side 11a fixed |on]the signal 
line 7a of the substrate 7, for example, through solder. Also, 
the support member 11 has the other side lib fixed on a side 
face of the piezoelectric element 10, for example, through 
conductive adhesive in a manner ^holding a node of flexional 
vibration. Cj" 
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I ^Meanwhile, the^Lgnal line^7a, 7b are a bundle of three 

signal lines. This number of signal lines is the same as the 
number of electrodes provided on the piezoelectric element 10 
one side face, hereinafter referred to, which signal lines are 
separately connected respectively to signal lines of the 

support member 11 . 
7 [bue to this, thejf support member 11 supports the 

piezoelectric element 10 on the substrate 7 and connects 
between the electrodes of the piezoelectric element 10 and the 
signal line 7a or signal line 7b. 

in this manner, the support member 11 formed with the 
signal line also serves as a signal transmission means tq^ $ 
transmit a signal to the piezoelectric element 10. /That ij, 
the number of parts connected to the piezoelectric member 10 
' ^ is reduced and^hence^the ultrasonic motor 1 is made smaller in 
size . 

Next, the piezoelectric element 10 will be explained in 
detail. 

The piezoelectric element 10 has a piezoelectric vibrator 
. pr&vi«i<<?&- ... 

14 (as a flex vibration source laminated thereon with a 

piezoelectric vibrator 15 as an expansion-and-contraction 

vibration source in one body, and is structured having an 

electrode 13a, electrode 13b, electrode 13c, electrode 13d, 

electrode 13e and electrode 13f. 
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These electrode£l3a to 13f are respectively connected to 
^ the 6 signal lines provided on the support members 11, 11/ and 

voltages are to be individually applied thereto. ft^^WVi ^ 

V incidentally, a projection may be formed fcnj the f p 

piezoelectric element lOjat generally centerjto contact with 
and drive the moving member 12a. 
7 (Here , thej^etoelectric vibrator 14 , 15 and the electrodes 

13a to 13f will be explained in detail, with reference to Fig. 
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Fig. 2(a) is a view showing an arrangement of electrodes 
^inj^face of the piezoelectric element 10. geanwhile^Fig 
2(e) is a view .how±ng1an(arr«^^^ ^ 
side face 10a (see (a) of the figure), while (f ) of tt figure 
ti ' is a view showing an frranging PO-itio^ o^trode^n4id. 
face 10b (see (a) of the figure). ^ 
/ t> ^Meanwhilej^Fig. 2(b) is a view showing one surface of the 

piezoelectric vibrator 14, while (d) of .the figure shows the 
n other surface of the piezoelectric vibrator 15. [keanwhile T[ 
Fig. 2(c) is a top view of the piezoelectric vibrator 15^ 
*° 6-irst explained is aj^larization structure /injfeach 

piezoelectric vibrator-^ll Ifefet- W 

The piezoelectric vibrator 14 is structured, as shown in 
2# Fig. 2(b) , C of/divided into two in a vertical direction and also cU^lv^ 
Zi two in a horizontal direction\into fouj, i.e. a polarization 
region 14a, a polarization region 14b, a polarization region 



12 



1 



, ,j 4-v,=4- are to be polarized + 
14 = and a polarization region 14d that are 

at their top surfaces in a laminated direction, 
at tneir * 15 is structured, 

Meanwhile, the piezoelectric vrbrator 

as shown in — • ~ "J 10 " I ^ r 

* entire surf aceso that it can be polarized ♦ .or example, 

^in aTunderside^hf lamination direction, 
i L J ^(explained areJ^ucW of the electrodes 13a 



1 T he electrode Ua^oU ^ — " * 

, „hf the piezoelectric vibrator 14 , one 
polarization region 14a of the pre 

-j. f»f-a 10b. That is, all tne 
part of which is extended to a side face 

P «*•■-,.. ■ of a plurality of 

,t polarization regions 14a, . 14a . . » , - 
• lectric vibrators . 14 , r U . . . , at the top surfaces , 
Piezoelectric vrb ^ conti nuing 

s to become^ same po'tentral by the 

\ h rough extended portions to the side - -^Wy 
Similarly, the electrode 13b C almos^covers over » 
sutfa ce of the polarization region 14b of the prezoe^ t c 
vlbr ator 14, one part of which is extended to asrde fa« 1 ^ 

I , That is , all the polarization regions 14b, 14b .. , 

That it, , r_ at the one 

ZO plorality of e ectro de 13b 

2 1 surfaces , are "to become^ same potential by th 

continuing through extended portions to _ 

»he electrode 13c (almost/covers over^onej 
-?% Meanwhile, the electron u j 

7 surface of the polarization region 14c of the piezoelectric 

vib rator 14. one part of which is extended to a side face 10b. 
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of the 



I That is, all the polarization regions 14c, il4c . 
^ surfaces, £re to become)! same potential by the electrode 13c 



continuing through extended portions to the '^W^ 

Similarly, the electrode 13d §lmostjf covers over one 
surface of the polarization region 14d of the piezoelectric 
element 14, one part of which is extended to a side face 10b. 
That is, all the polarization regions 14d, 'l4d ... of the 
<? plurality of piezoelectric vibrators 14, 14 . . . , at the one 
' 0 surfaces,^ to become^ same potential by the electrode 13d 

continuing through extended portions ^^ffij™ 10a ' 
/a Also, the electrode 13e(almos^( Covers over the other 

surface of the polarization region 15a of the piezoelectric 
vibrator 15, one part of which is extended to a side face 10a. 
That is, all the polarization regions 15a, 'l5a . . . of a 
/L plurality of piezoelectric vibrators 15, 15 . . . , at the other 
n surfaces, ^re to become] a same potential by the electrode 13e 
continuing through extended portions to the side face 10a. 

Further, the electrode 13f is sandwiched between the other 
surface of the piezoelectric vibrator 14 and the one surface 
of the piezoelectric vibrator 15. Consequently, the electrode 
13f covers over all the undersides of the four polarization 
regions 14a, 14b, 14c and 14d of the piezoelectric vibrator 14, 
and at the same time over the entire top surface of the 
y/j polarization region 15a of the piezoelectric vibrator 15, [and"] 
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part of which is extended to the side face 10b. That is, all 
? the polarization regions lAd," 14d ... of the plurality^ 
g piezoelectric vibrators 14, 14, at the top surfaces, ^ to 
V £become7a same potential by the electrode 13f continuing through 
the extended portions to the side face 10b. 

incidentally, the number of the piezoelectric vibrators 
14, 15 may be increased appropriately. In this case, the 
electrode structure is changed depending on a lamination 
method . 

Now, the operation of the ultrasonic motor 1 is explained 
using Fig. 3. 

If the drive IC 6 is externally inputted by a drive command 
signal in a positive direction through the signal line 7c shown 
in Fig. 1, it outputs a drive signal X to the electrodes 13a, 
13d, 13e and 13f of the piezoelectric element 10 through the 
signal lines 7a, 7b and the aforesaid signal lines on the 

support member 11. 

Thereupon, in the piezoelectric vibrator 15 the drive 
signal X is inputted to the electrode 13e with respect to the 
electrode 13f as a reference electrode. Accordingly, the 
polarization region 15a expands or contracts. Consequenty, the 
piezoelectric vibrator 15 expands or contracts in a lengthwise 
^ 3 direction as shown by jk rectangula^lS^^n F±g . 3. 

Simultaneously, in the piezoelectric vibrator 14 the 
drive signal X is inputted to the electrodes 13a, 13d with 
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respect to the electrode 13f as a reference electrode. 
Accordingly, the polarization regions 14a, 14d expands. 
Consequenty, the piezoelectric vibrator 14 effects flexional 
vibration as shown by ^rectangular]^ Fig. 3. 

At this time, thermembers connected to the piezoelectric 
element 10(Is only>e suppo'rt members 11, 11. Because no signal 
? transmission means is separately provided, vibration ^ak^s^ 
reduced from the piezoelectric element 10. 

As a result, the expanding-and-contracting vibration on 
the piezoelectric vibrator 15 and the f lectional vibration on 
the piezoelectric vibrator 14 are combined so that the 
piezoelectric element 10 at the end face effects elliptic 
vibration in a z direction in Fig. 3, thereby moving the moving 
member 12a shown in Fig. 1 in the Z direction as a positive 
direction. 

Also, if the drive IC 6 is externally inputted by a drive 
command in a reverse direction through the signal line 7d, it 
outputs a drive signal X to the electrodes 13b, 13c, 13e and 
13f of the piezoelectric element 10 through the signal lines 
7a, 7b and the aforesaid signal lines on the support member 11. 

Thereupon, because the electrodes 13b, 13c are inputted 
by the drive signal X, the flex vibration of the piezoelectric 
vibrator 14 with respect to the expanding-and-contracting 
vibration as a reference of the piezoelectric vibrator 15 is 
reversed in direction from the positive direction case as 
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stated above. Accordingly, the piezoelectric element 10 at the 
end face effects elliptic vibration in a direction reverse to 
Z in Fiq. 3, thereby moving the moving member 12a shown in Fig. 
1 in a reverse direction. ^ £\ fi V C^ 00 ^***" 

& As described above, according *°(* h K"^*%£~ c m0t ° r 1 

£ /as a first embodiment of the present invention}, because the 
drive signal X is delivered to the piezoelectric element 10 
through the signal line 7a by the support member 11, there is 



no necessity of separately providing a signal transmission 
part. Accordingly, the/expanding-and-contracting vibration 
i i and flex vibration (casedjfon the P iezoelec ^ tr ^^ ment 10 k re 



it reduced in amount of leak to an outside}' as compared to the 
f A conventional^ Also, because the support member^ll are fixed 
/ y in a manner holding a flex vibration node, the* lex vibration 
caused on the piezoelectric element 10 is further reduced,^ 
amount of leak to an outside .""J 

Further, because there is no necessity of separately 
providing a signal transmission P^^the ultrasonic motor 1 
/ 1 is reduced in size ; £nd alsojthe numbe^'of manufacture processes, 
reducing manufacturing cost. 

Accordingly, the ultrasonic motor 1 effectively transmit} 
a drive force generated on the piezoelectric element 10 to the 

moving member 12a. . . 

^ incidentally, infthejembodiment of the present invention, 

although the support member 11 was made of a resin, the present 
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, m - v be of a metal, for 

2- example. In this case , thefsupport memberj 

,.„„,. the number of electrodes, 
corresponding ^ a „ 

Further, the support member U may 

„, an electric circuit, e.g. sen 
re or tone part of an cj- 
entire or t r the number of 

7 elements to be provrded on Rocordingly . the 

£ substrate area C reguired3 decreases. 

■ m „tor 1 is further reduced in size. 

,. "7:— — - - — - 

b6lOW ' *. ,^«re of elements of a 

Fig . 4 is a view showing a structure 

2 of a first modification to the present 
ultrasonic motor 2 of a txr 

embodiment. . rncture( in the 

• ffln t or 2 is made by a structure, 
The ultrasonic motor 2 x 

«. r 1 using support members 21 in place of the 
•ultrasonic motor 1, using * vv 

support members 11- sa^- . . 

members 21 are fix oaral lel to the side 

, eflpct in a direction paraiiei v. 
10 so that they can deflect in 

face of the piezoelectric element 10. 
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That is, the ultrasonic motor 2(a^kn equivalent function 
f £<to}the ultrasonic motor 1. Further, because the piezoelectric 




element 10 is put in pressure contact with the moving member 
12a by the support members 21, there is ^increase of frictional 



force acted on between the piezoelectric element 10 and the 
moving member 12a. Accordingly, the drive force caused on the 
piezoelectric element 20 is conveyed to the moving member 12a 
with higher efficiency* 

Also, the provision of the constriction decreases^ 
vibration transmission area, further decreasing fleakl of 



vibration through the support member 21. Accordingly, the 
ultrasonic motor 2 transmits a drive force to the moving member 
12a with higher efficiency. 

Incidentally, the method of providing elasticity to the 
support member 21 includes a method of forming a support member 
21 of a conductive rubber with the shape of the support member 
11 used as it is. 

Also, the support member 21 may be provided with an entire 
or part of an electric circuit such as a self-oscillation 
transmitting circuit. 
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Fig . 5 is a view showing a schematic structure of events 

/ 5«(»M e^bo^-f" °P toft W*r>h<* 

Z of a/ufS?fo , nio motor 3. ^ /„ ,/"- ,Uv 

* The ultrasonic motor 3 is made Jin] a structure (that) the 

pie2 oe!ectric element 30 is mounted on a substrate 8 having a 
9 recess by/using^support meters 8b. 8b that are provided as^ne} 
portions^ the substrate 8 in the recess, -so. as shown in 
rig 5 ( b> . the piezoelectric member 30 has a top surf ace[almostl *« 
in a same plane as that of a top surface of the substrate 8. 
T incidentally, other ^not-shownj structural constituents y*™^^ „ 
/ 0 ralmos^tteH^a^ttose of the ultrasonic motor 1. 

The support member 8b is structured , as shown in Fig 5 ( a ) . 
to have a support portion for holding the piezoelectric element 
30 at a tip end of a terminal extended from the substrate 8. 
oue to this, the support member 8b is generally in a T-form in 
section in a parallel direction with the substrate 8. Th.s 
/ < substrate 8 is f ormed^} 'a »ermined form, for example , by 
It previously] preparing a forming mold ^r ^substrate^S in a , . 
/» corresponding shape tofchisj - £ ^the 

/ « f igura the support p^as portron to support an 

1> underside of the piezoelectric' element 30. (Veanwh.le. one^At 
supP ort member 8b has at a top face a signal line 8a to be 
connected to a part of the electrodes of the piezoelectric 
element 30, while the other support member 8b has at a top face 
?1 /signal line^4 Ba'to be connected to the remainder of the 
electrodes of the piezoelectric element 30. mcidentally, the 
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number of the signal lines 8a or support members 8b or their 
forming positions may be appropriately changed in accordance 
with the number of electrodes on the piezoelectric element 30 
or a vibrational node position. 
£ Here, the support member 8b is provided so jtat] it holds 

a flex vibration node on the piezoelectric element 30, 
similarly to the support member 11. 

The piezoelectric element 30 has almost the same structure 
as that of the piezoelectric element 10 except for a structure 
of extending electrodes to end faces 30a, 30b. 

Here, when required, a signal line is passed through a hole 
8d opened in the substrate 82 so that the signal line is 
connected to an electrode provided on a backside of the 
piezoelectric element 30. 

That is, if a drive signal X is inputted through signal 
lines 8a; 8a, 8a' to the electrodes of the piezoelectric element 
30, the piezoelectric element 30 at the end face effects 
elliptic vibration to thereby move the moving member (not 
shown) that is in contact with the end face. 

As described above, because in the ultrasonic motor 3 the 
£| support members 8b, 8b! serve/ also as a Bignal^tranBmittlng 
f,% means alike in the ultrasonic motor 1, the/ex P anding-and- 
£f contracting vibration and flex vibration ^occurred^on^the^ 
Z H piezoelectric element 30 is reduced£n leak amount to an outside] 
nL as compare to the conventional^. Further, because the support 
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members 8b are provided in a manner holding a flex vibration 
^ node, the (flex vibration caused on the piezoelectric element 
is further reduced [In leak amount to the outsxdej. 

Accordingly, the ultrasonic motor 3 can efficiently 
transmit the drive force caused in the piezoelectric element 
30 to the moving member. 

Also, because the piezoelectric element 30 is provided in 
the recess of the substrate 8 such that the piezoelectric 
element 30 and the substrate 8 at their top surfaces are in a 
same plane, the total thickness of the ultrasonic motor 3 and 
the substrate 8 are decreased, making the size small. 
Consequently, the application range of the ultrasonic motor 3 
broadens as compared to that of the conventional ultrasonic 
motor . 

Incidentally, the support member 8b may be formed with a 
constriction in a manner similarly to the support member 21, 
\-\ or the support member Sb^onlyjmay be formed of conductive 
rubber. In this case, because the piezoelectric element 30 is 
pressed against the moving member by the support member 8b, 
4 0 < there obtainSf'fSrther increase in the transmission efficiency 
<%\ of drive force to the moving member. 

Furthermore, the support member 8b may be provided with 
%> an entire or £>nej part of an electric circuit such as a 
self -oscillation generating circuit. In this case, the number 
of elements on the substratef ecreases] to (decrease a] substrate 
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-r „4„ a iv the ultrasonic motor 3 is made 

\ area /required! Accordingly, the 

further Smaller ' ^ /Ud Hod . ment may be /modif ied as 
. ; ^incidentally, present embodxment may ( 

follows- ^ . • 

Fig . 6 is a view showing a schematic structure of essential 

elements of . ultrasonic motor 4 - • «~ ---- 
wording to the P-ent n t aXX y , the 

S structural consuls no, -own are £n ^^^W 
sttnctore as tto se of the »— or 1. 

» ,1,. 6, the ultrasonic motor 4 is structured such that 
t he piezoelectric element 40 is fixed, corresponding to nodes 
o£ L vision of the piesoelectric element 40, on surfaces 
Sf of the support 4 Sc ..provided in a recess o a 

,-nider, as shown in Fig. b(Q). 
substrate 8 using, for example, solder, 

T he support member 3c is structured having 
p ie 2 oelectric element 40 support portion provided at a trp of 
an tension terminal extended from the substrate 3, as shown 
* in rig. • - support portion has a to P face that is |f las 1 /UU 

with the top face of the substrate .. „ue to this , the sectron 1 

<=w~pe . . rt substrate 8 is generally 

^v^y direction to the sudst-i-c* a 

^ ^formjin a parallel 



T form. 



m. , 
M .o. a predetermined signal line 8a is provided, on a 

surface of the support member 8c corresponding to an electrode 

o£ th e pie 2 oelectric element 40. Xncidentallv, the number of 

sign al lines 8a. and the number and position of support members 
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8c are appropriately changed depending on the number of 
electrodes of the piezoelectric element 40 or the position of 

vibration node. /{V*- 
y The piezoelectric element 40 is structured generally/same 

as the piezoelectric element 10 except for an electrode 

extended to an end face. Q&toO f & ) ^*' ^ 

As described above, in (the, ultrasonic motor 4 freduced is 
leak amount to the outside offthejexpansion-and-contraction and 
flex vibration caused on the piezoelectric element 40/ as 

* compared to the conventiona^similarly to thaj ultrasonic motor 
1. Furthermore, because the support member 8c is provided in 

• a manner holding a flex vibration node of^the P^oelectjic 
Z element 40,\further reduced is the leak] amount/£o)the (outside, 

* oflflex vibration caused in the piezoelectric element 40^ f^C* 

Accordingly, the ultrasonic motor 4 efficiently delivers 
a drive force produced on the piezoelectric element 40 to the 

moving member. 

Also, the piezoelectric element 40 is mounted through 
solder on the surfaces of the support members 8c. Accordingly, 
where for example the circuit board 8 is formed by a printed 
board, it is possible to mount the piezoelectric element 40 on 
the circuit board 8 in a similar procedure to conventional 
mounting of a transistor or capacitor on the board. That is, 
the ultrasonic motor 4 allows on-board mounting using an 
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existing electric circuit production line, reducing mounting 
cost and improving reliability. 

incidentally, the support member 8c may be provided with 
a constriction similarly to the support member 21 or the support 
member 8c only may be formed of a conductive rubber. In this 
case, because the piezoelectric element 40 is pushed against 
the moving member by the support member 8c, the transmission 
efficiency of drive force to the moving member further 
improves . 

Also, the support member 8c may be provided with an entire 
or one part of an electric circuit, such as a self -oscillation 
circuit. 

l> V?Third Embodiment^ ^ A\^W^^^ ^TjX^V 

; y U Fig. 7 is a block diagram £f)an electronic appliancefwitlj©^ ^ 

ultrasonic motor sjjthat the ultrasonic motor of the present c^H^ 
/ b invention is applied to an electronic appliance?^ 
f* 7 An electronic appliance with j ultrasonic motor 5 is 

)$ realized by providing a piezoelectric element 51 treated by^ 
predetermined polarization process, a vibration member 52 
joined to an piezoelectric element 51, a moving member 53 to 
be moved by the vibration member 52, a pressurizing mechanism 
54 for applying pressure to the vibration member 52 and moving 
member 53, a transmission mechanism 55 movable interlinked to 
the moving member 53, and an output mechanism 56 to be moved 
based on operation of the transmission mechanism 55. 
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incidentally, the pressurizing mechanism 54 is, for example, 
/by ^e' iupport member 21. , A ^. f ^O ~« ^^^U^ 

Here, the electronic appliance (withj^ltrasonic motor 5 
includes, for example, electronic timepieces, measuring 
instruments, cameras, printers, printing machines, machine 
tools, robots, moving apparatuses, memory devices and so on. 

Also, the piezoelectric vibrator 51 uses, for example, 
piezoelectric elements 10, 20, 30. Also, the transmission 
mechanism 55 uses, for example, a transmission wheel, such as 
a gear, friction wheel, or the like. The output mechanism 56 
uses, for example for a camera, a shutter drive mechanism or 
lens drive mechanism, and for an electronic timepiece, a 
pointer drive mechanism or calendar drive mechanism. Where 
used in a memory device, a head drive mechanism for driving a 
head to read and write information from and to a memory medium 
within the information memory device. For a machine tool, a 
tool feed mechanism or work feed mechanism is used ^ ^ 
^Because this]|electronic appliancefwith] ultrasonic motor 
;: a 5 (uses a ultrasonic -tor^ac^ng^to the ^nvention having a 
?0 higher output as compared to the conventional ultrasonic motor, ^ f**> 

the ultrasonic motor and its drive circuits are reduced in size . 
& Accordingly, /it/i smaller in .iff as compared to /the ^ *. 5^ 
conventional electronic appliance. Also, where a self- 
oscillation drive is employed as a method to drive the 
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ultrasonic motor, it is possible to further reduce the size for 
the electronic appliance twithl ultrasonic motor 5. 

^Incidentally if an output axis is provided to the moving 
member 53 to make a structure having a power transmission 
mechanism (ho transmit torque through the output axis, a drive 
^ mechanism isfstructured byj a single ultrasonic motor. 

According to this invention, because the drive signal is 
transmitted through the support member to the piezoelectric 
vibrator, there is no need to separately [providin^|a signal 
/ & transmission part. Accordingly, the i expansion-and- 

contraction vibration and flex vibration caused on the 
^ piezoelectric vibrator is reducedlin leak amount to an outside"} 
as compared to the conventional Therefore, the ultrasonic 
/fy motor according to thei invention efficiently transmit a drive 
force caused on the piezoelectric vibrator to the moving 
member. i/v 
^ Also, /the unnecessit^C^^p^ately providing a signal 

f2 transmission partj/affers size reduction for] .the 'ultrasonic 
motor andlhence decrease'injthe number of manufacture processes 
& resulting in (reduction in manufacturwcost. 

^Further, according to this invention, a function is 
available equivalent to that of the above invention, 'in 
addition"! /the piezoelectric vibrator is urged on the moving 
member by the elasticity of the support member. Accordingly, 
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the drive force caused on the piezoelectric vibrator is 
transmitted to the moving member with higher efficiency. 

Further, according to this invention, the provision of the 
constriction in the support member reduces the vibration 
t£ transmission area I (in the support member so that the 
constriction reduced the l^ak of vibration furthermore .j 
Consequently, the ultrasonic motor transmits a drive force to 
the moving member with higher efficiency. Furthermore, the 
support member has elasticity due to the constriction, and has 
an operation equivalent to that of the abov^ent^ ^ ^ ^.^ 
Further, [acceding to this inventioij, because the support 
^ member isjonejpart of the substrate, the ultrasonic motor is 

easy to mount on the substrate. ,r 
/ f f Further, according to this invention, a similar oper ^"^^^ ^ 

' r is available to that of the above inventionjln addition, (there ^JlH. 
/( ^ is^crease in, thickness of the ultrasonic ™£^£ a the ^jpW^ . 
(7 substrate/ Accor^ly the application of thefuftralonic motor CA*5^M 
is broadened as compared to the conventional ultrasonxc motor. 



/ ^ purther, according to this invention, a similar operation 

"2° is available to that of the above invention. ^ * n addition, 
because the piezoelectric vibrator is mounted on the support 
member, the piezoelectric vibrator can be mounted on a 
substrate in a similar procedure to conventional mounting of^^ ^ 
transistors or capacitors on a substrate. That is, infthe UiViv 
ultrasonic motor of the present invention, it is possible to 



28 



simultaneously mount a motor and circuits on a substrate by 
using an existing electric circuit production line. 
Accordingly , theAiltrasonic motor Jis reduced inj mounting cost 
] y and ^stabilized injmounting process. 

Further, according to this invention, because the support 
member is provided with at least part of a drive circuit, there 
~Y reduction (o^ variation in ultrasonic motor performance 

resulting from mounting of the piezoelectric vibrator and the 
drive circuit, improving the reliability. 

Further, according to this invention, because the support 
member holds the piezoelectric vibrator at a point 
corresponding to a node of flex vibration, there is further 
\ *L? (decrease in externally [leaking amount of! vibration caused on 
the piezoelectric vibrator. Consequently, the ultrasonic 
motor can transmit a drive force caused on the piezoelectric 
vibrator to the moving member with higher efficiency. 

Further, according to this invention, because the 
aforesaid ultrasonic motor is used in which less vibration 
$ /\ leaks to an outsideZas compared to the conventional ultrasonic 
motor, the ultrasonic motor is increased in output. That is, 
the ultrasonic motor and its drive circuit are reduced in size, 
hence the electronic appliance with ultrasonic motor is 
decreased in size. 
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